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Presently three-dimensional displays are based either on imaging 
techniques which give rise to an apparent stereo by perspective views or on two 
images being presented which are separated such that the right eye and left eye 
see their respective images which are distinguished or differentiated by 
polarization characteristics of light. Most of these displays are single purpose in 
that they are designed for the purpose of viewing stereo. Two images separated 
or distinguished by polarization can either be superimposed as they are with two 
movie projectors or they may be displayed time sequentially to give an image 
which appears to be continuous. 

The current stereo display techniques are confined to using field 
sequential techniques which either require very fast video switching thus needing 
a very rapid display or require two small displays worn in a headset. The field 
sequential methods or techniques are prone to flicker as the two images are 
superimposed upon each other in time sequence. Part of the flicker problem is 
the very high contrast between the right and left image, e.g., the right image is 
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expected to be viewed by the right eye of a person viewing the image (viewer) 
and the left image is expected to be viewed by the left eye, while those images 
are being presented which makes them flicker even at higher than normal frame 
rates. Also, a consequence is a reduction in bandwidth capability since the two 
images presented are normally in a standard bandwidth for two dimensions. 

To the accomplishment of the foregoing and related ends, the invention, 
then, comprises the features hereinafter fully described in the specification and 
particularly pointed out in the claims, the following description and the annexed 
drawings setting forth in detail certain illustrative embodiments of the invention, 
these being indicative, however, of but several of the various ways in which the 
principles of the invention may be suitably employed. 

Other systems, methods, features, and advantages of the present 
invention will be or become apparent to one with skill in the art upon examination 
of the following drawings and detailed description. It is intended that all such 
additional systems, methods, features, and advantages be included within this 
description, be within the scope of the present invention, and be protected by the 
accompanying claims. 

Although the invention is shown and described with respect to one or 
more embodiments, it is to be understood that equivalents and modifications will 
occur to others skilled in the art upon the reading and understanding of the 
specification. The present invention includes all such equivalents and 
modifications, and is limited only by the scope of the claims. 
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Brief Description of the Drawings 
In the annexed drawings: 

Fig. 1 is a schematic illustration of a monitor for showing high-resolution 
and three-dimensional images using plane polarized light in accordance with the 
5 invention and of a viewer viewing such images; 

Fig. 2 is a schematic illustration of a monitor for showing high-resolution 
and three-dimensional images using circularly polarized light in accordance with 
the invention and of a viewer viewing such images; 
Q Fig. 3 is a schematic illustration of another embodiment of a monitor for 

Wo showing high-resolution and three-dimensional images using circularly polarized 

light in accordance with the invention and of a viewer viewing such images; 
M: Fig. 4 is a schematic illustration of an embodiment of monitor of the 

■jp invention in folded condition; 

J ={ Fig. 5 is a schematic illustration of the embodiment of monitor of the 

$5 invention of Fig. 4, here shown in partly open condition; 

Fig. 6 is a schematic illustration of the embodiment of monitor of the 
invention of Figs. 4 and 5, here shown in fully open condition; 

Fig. 7 is a schematic illustration of a display system according to an 
embodiment of the invention; 
20 Figs. 8A, 8B and 8C are schematic illustrations of an embodiment of the 

invention illustrating the reversal or inversion of images one of the respective 
displays in the monitor of the invention; and 
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Fig. 9 is a schematic illustration of a display system according to an 
embodiment of the invention. 



This invention includes two flat panel displays which are arranged at an 
angle relative to each other, for example, at 90 degrees or approximately 90 
degrees and a beam splitter which is positioned at the bisectrix between the two 
displays. As an example of a bisectrix, consider two flat panel displays, the 
planes of which are parallel with the same linear axis; thus, for example, the two 
planes may be arranged similar to the front and back covers of a book, with the 
spine of the book representing the axis. The bisectrix would be an angle that 
bisects the angular relation of the two planes (displays or book covers); and, 
more preferably, the bisectrix would be a plane that also is parallel to the linear 
axis (e.g., like the book spine) and bisects the angle equally between the first 
two mentioned planes (e.g., the displays). As is described further below the 
images from both displays may be viewed; and if the images provided thereby 
are, respectively, left and right eye images, which can be discriminated, e.g., by 
polarized lenses or some other means, a stereoscopic (3D) display is obtained. 

If the flat panel displays are liquid crystal displays, the light output of each 
display will be polarized. The usual polarization direction for many active matrix 
displays, for example, is at 45 degrees to the edge of the display. This 
characteristic of such liquid crystal displays allows the present invention to be 
carried out with relative efficiency and minimum parts. 



Description 
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When linear polarized light is reflected from a surface that is in a plane 
which is perpendicular or transverse to the direction of incident light, it does so 
without a change in direction of polarization. However, if the reflecting surface 
(in this case the beam splitter) is set at an angle to the surface of one of the 
liquid crystal displays such that the reflected image changes direction by 90 
degrees or approximately 90 degrees and the direction of polarization is at 45 
degrees to the change of direction, the result will be that the linear polarized light 
will appear to have rotated 90 degrees. As an example, consider two adjacent 
flat panel displays, each in a vertical plane, the two meeting at and including a 
common linear axis and being oriented so the displays are at 90 degrees relative 
to each other, and each display providing a light output that is polarized in the 
same direction, e.g., from the lower left toward the upper right of the respective 
display, say at an angle of 45 degrees relative to horizontal or vertical (not 
considering sign). The beam splitter is oriented between the displays, has its 
plane (or an extension thereof) intersecting the linear axis mentioned, and is at 
an angle of 45 degrees relative to each display; and the beam splitter is so \ 
positioned relative to the two displays that one can be viewed directly through 
the beam splitter and the other can be viewed by reflected light from the beam | 
splitter to provide a virtual image of the latter display.! 

If the two displays are positioned with respect to the beam splitter such 
that the virtual image of one display is exactly superimposed on the other, the 
beam splitter will reflect the angle of the polarization vector at right angles to the 
display which is not reflected. Consider as an example the polarization direction 
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of light incident on the beam splitter intended for reflection to be represented by 
an arrow pointing in the direction of polarization; the reflected light from the beam 
splitter will present the mirror image of the arrow, and, therefore, the arrow will 
appear to a viewer to be at 90 degrees (crossed) relative to the original 
polarization of the incident light on the beam splitter (and, thus, also crossed 
relative to the polarization direction of light transmitted directly through the beam 
splitter from the other display). Therefore, the reflected image from the beam 
splitter and the direct image viewed through the beam splitter have linear 
polarization directions that are at right angles; and this can be accomplished 
without additional elements. 

If an electronic signal is received corresponding to the left and right image 
they can be displayed separately on the two liquid crystal display panels. They 
can be seen by the left and right eye in the proper order by using glasses which 
are linearly polarized at right angles to each other and parallel to the image that 
is intended for the left or right eye. 

Although the invention is described using Liquid crystal displays (LCDs), it 
will be appreciated that the invention may use other displays or image 
generators, provided the light output from the displays is polarized or is given 
polarization characteristics, e.g., by using one or more polarizers in the light 
path. For convenience of description and to avoid adding unnecessary verbiage, 
the image generators or displays are considered and described herein as active 
matrix LCDs, but it will be appreciated that other displays or image generators 
may be used. 
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It may be desirable at times to use circular polarized light to separate the 
two images mentioned above. This can be done in several ways, two of which 
are mentioned here by way of example. The first is by putting quarter wave 
plates at both image generators, such as the LCDs, with their slow axis 
horizontal or vertical on each of the LCDs. More generally, the slow axis of the 
quarter wave plates is at 45 degrees to the polarization direction of linear 
polarized light from the respective LCDs. This continues to maintain the same 
structure on both displays. When the circular polarized light is reflected from the 
beam splitter it reverses its sense; thus, right circular polarization becomes left 
circular polarization. A second way of achieving two circular polarizations is to 
place a quarter wave plate at the exit bezel or a location optically downstream of 
the two LCDs so that both the direct view image and the virtual image light go 
through the quarter wave plate and become circularly polarized. Thus, the slow 
axis is at 45 degrees to the two polarizations which were generated and provided 
by reflection or transmission at the beam splitter. 

Circular polarizers are generally produced by bonding a quarter wave 
plate to a linear polarizer such that the linear polarizer is toward the observer . 
The quarter wave plate converts right-handed circular polarized light to linear 
polarized light, and it converts left-handed circular polarized light to linear 
polarized light, except the polarization directions of the two linear polarized lights 
are at right angles to each other. Since most circular polarizers which use 
quarter wave plates are tuned for green light, they are not perfect. In order to 
achieve a higher performance the circular polarizer may be mounted so that the 



polarized direction of the linear polarizer at the output is perpendicular to the 
linear polarization at the display for the nullification of the transmitted image. For 
the reflected image the direction should be parallel for the linear polarization at 
the polarizer and display respectively. 

The information is presented to the displays of the invention such that the 
information in one display is a mirror image so that its reflection from the beam 
splitter is a normal image. This is normally done electronically but it can be 
accomplished by how the video signal is brought into the flat panel display. For 
displays that are mounted vertically the reflected display can be scanned from 
right to left instead of left to right. Depending upon the signal the video signal 
can be reversed either line at a time or frame at a time. 

The invention has additional useful features. By displaying normal video 
images which are field sequential one field can be displayed on one display and 
the other field on another, thus allowing a signal from both fields to be present at 
one time. This arrangement reduces motion artifacts since both fields are 
simultaneously displayed. The liquid crystal display continuously holds the 
image until it is changed. This also makes possible the display of HDTV images 
which are based on field sequential at half the bandwidth in each display. A 
further advantage in this form of mixing is an improvement in the color 
separation. The color in many flat panel displays is based on vertical lines of 
red, green, blue and white. When they are reflected they go from white blue 
green and red thus giving a different order to the colors in reflection. This 
reduces color borders and other artifacts caused by the color sequence above. 
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The present invention has the ability to display images in three 
dimensions and also has the ability to improve the resolution and color artifacts 
of flat panel monitors. 

Referring to the drawings wherein like reference numerals designate like 
parts in the several figures, and initially to Fig. 1 , a monitor for showing high- 
resolution and three-dimensional images is generally illustrated at 10 being 
viewed by an individual 1 1 as a viewer of images provided or shown by the 
monitor. The monitor 10 includes a pair of liquid crystal displays 12a, 12b and a 
pair of linear polarizers 13a, 13b. The displays 12a, 12b may have integral 
polarizers, as in active matrix displays, in which case separate polarizers 13a, 
13b would be unnecessary. The displays 12a, 12b and polarizers 13a, 13b 
provide linear polarized light images to a beam splitter 14 of the monitor 10. The 
image from the display 12a and polarizer 13a is viewed directly by the viewer 1 1 
as light therefrom is transmitted directly through the beam splitter 14. The image 
from the display 12b and polarizer 13b is reflected by the beam splitter toward 
the viewer 1 1 ; the direction of polarization of the linear polarized light provided \ 
from the display 12b and polarizer 1 3b is rotated 90 degrees due to the mirror • 
image effect described above so that the light 15 reaching the viewer 1 1 includes^ 
two images, one from each display 12a, 12b and the polarization directions of 
the linear polarized light representing such images are crossed, e.g., at 90 
degrees to each other, as was described above. The viewer 1 1 uses linear 
(plane) polarizers 16a, 16b to view by his or her eyes 17a, 17b the left and right 
eye images from the monitor 10. The polarizer 16a, for example, transmits linear 
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polarized light from a respective display, e.g., display 12a, which is intended to 
be viewed by the left eye of the viewer; and the polarizer 16b, for example, 
transmits linear polarized light from the other display, e.g, display 12b, providing 
the right eye image to the right eye of the viewer 1 1 . The beam splitter 14 is 
shown as a prism beam splitter, but it will be appreciated that other types of 
beam splitters may be used; many are well known in the art. 

It will be appreciated that the monitor 10 of Fig. 1 has its parts arranged 
as was described above. For example, the displays 12a, 12b may be flat panel 
displays which are arranged in a vertical, horizontal, or some other common 
direction, and the planes thereof are parallel with an imaginary linear axis 1 8 
which extends in a direction perpendicular to the plane of the drawing relative to 
the illustration of Fig. 1 . Also, the eyes of the viewer 1 1 are shown somewhat in 
perspective relative to the drawing, as they typically would be aligned in parallel 
with the axis 18 for optimum viewing, although some off-axis alignment may be 
acceptable. 

An image signal source 19 is illustrated. Such source may be a video 
source, a computer, a tape player or CD Rom player, etc. The image signal 
source may be remote and the image signal may be provided via a network or 
the like. The image signal source provides signals to the displays 12a, 12b as a 
usual video circuit or video card provides signals to a display to create images 
for viewing. If desired, the image signal source 1 9 may include circuitry for 
reversing the direction of scanning or reversing the image being provided to a 
respective display, as was mentioned above. 
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Turning to Fig. 2, another monitor for showing high-resolution and three- 
dimensional images is illustrated generally at 20. The monitor 20 is similar to the 
monitor 10, except the monitor 20 uses circular polarized light. Accordingly, 
respective quarter wave plates 21a, 21b are provided to convert linear polarized 
light from the respective displays 12a, 12b and, if used, linear polarizers 13a, 
13b, to circular polarized light. The light output 15' may include both left and 
right circular polarized light, and the circular polarizers 16a', 16b' respectively 
transmit one or the other of such left or right circular polarized light to respective 
eyes 17a, 17b of the viewer 1 1 for viewing respective left and right eye images. 
Although the direction of circular polarization of light incident on the beam splitter 
from the two displays 12a, 12b may be the same, the beam splitter reverses the 
direction of circular polarization of the light it reflects from the display 12b, as 
was described above. The circular polarizers 16a', 16b' can distinguish or 
discriminate between the left and right circular polarized light to provide 
respective images to the eyes 17a, 17b of the viewer 1 1 . 

Referring briefly to Fig. 3, another monitor for showing high-resolution and 
three-dimensional images is illustrated generally at 30. The monitor 30 is similar 
to the monitor 20, except the monitor 30 uses only one quarter wave plate 21' to 
obtain both left and right circular polarized light from the respective linear 
polarized light inputs thereto from the displays 12a, 12b, linear polarizers 13a, 
13b (if used), and beam splitter 14. The quarter wave plate is arranged relative 
to the polarizers 13a, 13b or the direction of linear polarized light so the slow axis 
is at 45 degrees relative to the direction or plane of such linear polarization. 
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jrning to Fig. 4, 5 and 6 a packaged monitor for showing high-resolution 
and three-dimensional images and, alternatively, for showing multiple images in 
parallel, is shbwn generally at 40. In Fig. 4 the monitor 40 is in closed condition; 
in Fig. 5 the monitor 40 is in partly open condition; and in Fig. 6 the monitor 40 is 
in full open conditioV The monitor 40 includes a hinge 41 relative to which the 
displays 12a, 12b, linear polarizers 13a, 13b, and beam splitter 14 are mounted. 
In Fig. 4 those components are pivoted on or relative to the hinge 41 and to each 
other to assume a relative cornpact nested arrangement, e.g., for storage in a 
minimum space. A protective cover or package 42, including cover portions 42a, 
42b may be placed over those components to avoid damage while in stored 
condition. Connections 19' may be provibted to couple the displays to an image 
signal source or, if desired, the image signal source may be appropriately 
mounted in the package 42. 

As is illustrated in Fig. 5, the monitor 40 includes the displays 12a, 12b, 
linear polarizers 13a, 13b (and quarter wave plates, if used), and beam splitter 
14 arranged in partially open condition relative to the stored condition; this 
partially open condition is obtained by rotation or pivoting relative to the hinge 
41 . If desired appropriate stops may be used to help align the components 
relative to each other in orientation similar to that described above with respect 
to Figs. 1-3. 

As is illustrated in Fig. 6, the monitor 40 includes the displays 12a, 12b, 
linear polarizers 13a, 13b (and quarter wave plates, if used), and beam splitter 
14 arranged in fully open condition relative to the stored condition; this fully open 
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condition has the displays 12a, 12b oriented in adjacent parallel relation so both 
can be viewed side by side to present increased amount of information to the 
viewer. Such orientation is obtained by rotation or pivoting relative to the hinge 
41 . If desired appropriate stops may be used to help align the components 
relative to each other as illustrated in Fig. 6. 

Thus, it will be appreciated that the monitor 40 may be used to provide 
either stereo views or large area mono views of respective images. 
Furthermore, the invention provides a device for not only displaying three 
dimensions but also improving the resolution and color artifacts of flat panel 
monitors. 

The various methods of using the invention are described above. 
Summarizing, though, it will be appreciated that using the invention, e.g., as 
illustrated in Figs. 1-3 and 5, two images are provided and can be discriminated 
by polarization characteristics to obtain respective images for viewing. The two 
images may be provided simultaneously without the need to provide frame or 
field sequential images or time sequential images (e.g., one image for viewing by 
one eye and the next image or viewing by the other eye, and so forth); thus, 
increased resolution and reduction of flicker can be obtained. Further, if desired, 
using the invention as illustrated in Fig. 6, large area display may be obtained by 
displaying respective images on adjacent displays 12a, 12b, for example. 

Although the invention has been shown and described with respect to a 
certain preferred embodiment or embodiments, equivalent alterations and 
modifications will occur to others skilled in the art upon reading and 
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understanding this specification and the annexed drawings. In particular regard 
to the various functions performed by the above described integers 
(components, assemblies, devices, compositions, etc.), the terms (including a 
reference to a "means") used to describe such integers are intended to 
correspond, unless otherwise indicated, to any integer which performs the 
specified function of the described integer (i.e., that is functionally equivalent), 
even though not structurally equivalent to the disclosed structure which performs 
the function in the illustrated exemplary embodiment or embodiments of the 
invention. In addition, while a particular feature of the invention may have been 
described above with respect to only one of several illustrated embodiments, 
such feature may be combined with one or more other features of the other 
embodiments, as may be desired and advantageous for any given or particular 
application. 

It will be appreciated that portions of the present invention can be 
implemented in hardware, software, firmware, or a combination thereof. In the 
described embodiment(s), a number of the steps or methods may be 
implemented in software or firmware that is stored in a memory and that is 
executed by a suitable instruction execution system. If implemented in 
hardware, for example, as in an alternative embodiment, implementation may be 
with any or a combination of the following technologies, which are all well known 
in the art: discrete logic circuit(s) having logic gates for implementing logic 
functions upon data signals, application specific integrated circuit(s) (ASIC) 
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having appropriate combinational logic gates, programmable gate array(s) 
(PGA), field programmable gate array(s) (FPGA), etc. 

Any process or method descriptions or blocks in flow charts may be 
understood as representing modules, segments, or portions of code which 
include one or more executable instructions for implementing specific logical 
functions or steps in the process, and alternate implementations are included 
within the scope of the preferred embodiment of the present invention in which 
functions may be executed out of order from that shown or discussed, including 
substantially concurrently or in reverse order, depending on the functionality 
involved, as would be understood by those reasonably skilled in the art of the 
present invention. 

The above description and accompanying drawings depict the various 
features of the invention. It will be appreciated that the appropriate computer 
code could be prepared by a person who has ordinary skill in the art to carry out 
the various steps and procedures described above and illustrated in the 
drawings. It also will be appreciated that the various terminals, computers, 
servers, networks and the like described above may be virtually any type and 
that the computer code may be prepared to carry out the invention using such 
apparatus in accordance with the disclosure hereof. 

TtKning to Fig. 7, a system for implementing the invention is illustrated at 
50. The systerhs50 includes a display 51 , such as the monitors 10, 20, 30, 40 
described above. Tnessystem 50 also includes an image signal source 52 to 
provide appropriate signals"^ the display 51 to create images for viewing. The 

-15- 



^m^ge signal source 52 includes, for example, a computer 53 and an image 
souree\54. The image source 54 contains information or provides information to 
the computer 53 which supplies signals to the display 51 to create images for 
viewing. The image source may be, for example, a video source, a tape player, 
a CD-ROM player, asconnection to a network to receive signals from a remote 
device, or a computer program, for example, which is operable on the computer 
53 to develop images, such as for playing a game, for presenting architectural or 
mechanical drawings, etc. Also associated with the computer 53 are input 
devices 54, such as a keyboard, mous\, pointing device, or some other input 
signal providing mechanism to provide inputs to the computer to operate the 
same in a desired fashion. 

The computer 53 includes a processor 55 and a memory 56. The 
processor may be a conventional microprocessor, such as, for example, one 
from Advance Micro Devices sold under the trademarkATHALON or one sold 
under the trademark K-6, a microprocessor sold by Intel Corporation under the 
trademark PENTIUM, or another processor. The memory 56 may include non- 
volatile memory, such as ROM, CD-ROM, DVD, etc. and/or volatile memory, 
such as random access memory. Portions of the memory 56 may be designated 
as illustrated as a frame grabber 57 and as a frame buffer 58. 

It will be appreciated that the several parts of the computer 53 described 
herein are exemplary. Other components, such as processors, memories, 
input/output devices, commonly used, currently available, and/or that may be 
developed in the future may be used to carry out various functions disclosed and 
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described herein in accordance with the present invention and, thus, are 
equivalents of the illustrated and described exemplary embodiment. 

Signals representing an image or characteristics of an image are provided 
the processor 55. Those signals may be supplied via the image source 54 or, if 
desired, the image source 54 may be part of the memory 56, such as a CD- 
ROM, DVD or some other device included in or coupled to the computer 53 to 
provide the image information. In many display systems images are presented 
on a display, such as the display 51, as a series of sequentially presented 
frames. Signals representing a given frame, say from the image source 54, may 
be provided by the processor 55 to a frame grabber 57. The frame grabber may 
be a portion of the memory 56 selected to grab or to accumulate the information 
related to a given image frame. If the image signals include stereoscopic 
images, for example, a left image and a right image, sometimes referred to as a 
stereo pair, the frame grabber 57 may include two respective portions, one for 
grabbing and storing the left image and one for grabbing and storing the right 
image of a given frame or pair of frames for a given stereoscopic image. The 
frame buffer 58 is provided with the image signals, for example, on a bit mapped 
basis, and supplies those signals via the processor 55 to the display 51 for 
viewing by a viewer. The frame buffer 58 may include two portions, for example, 
one that stores the left image and one that stores the right image, and the 
processor directs the respective image information to the respective displays 
12a, 12b (Fig. 1), for example. 
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Summarizing operation of the system 50, the processor 55 receives the 
image signals from an image source and supplies corresponding data 
representing a given frame or pair of frames to the image grabber 57. When the 
data representing a given image or pair of images (left and right images) in the 
frame grabber 57 has been completed, the processor stores the frame data in 
the frame buffer 58 and from the frame buffer 58 the processor either directly or 
via an appropriate output circuitry, such as a VGA card or the like, to the display 
51 for presentation to and viewing by a viewer 1 1 . Various techniques may be 
used to obtain the image data and to provide it to the frame buffer 58. It may be 
unnecessary to use a frame grabber 57 in which case the image data may be 
supplied from some image source 54 via the processor 55 directly to the frame 
buffer, for example. Other devices may be used, too, to obtain image data, to 
process the data and to provide it to the display 51 , the computer 53 being only 
one example of such a device and method. 

As was mentioned above, the image provided by the display 12b (Figs. 1 , 
2 and 3) is reflected by the beam splitter 14 and provided as part of the output 
light 15. Such reflected image in a sense is a virtual image because it is 
reversed due to the reflection by the beam splitter. Also, as was mentioned 
above, the image presented by the display 12b is inverted so that when it is 
reflected by the beam splitter 14, the reflected virtual image and the image from 
the display 12a, which is transmitted through the beam splitter 14 will be 
substantially superimposed in proper relation to allow viewing of a stereoscopic 
image by a viewer 1 1 . Such inverting of the image presented by the display 1 2b 
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may be accomplished in a number of different ways, several of which are 
described here and others which may be equivalents also may be used. For 
example, the device which obtains the image data for the display 12b, such as a 
video camera, charge coupled device (CCD), etc., may be operated to perform 
its scanning in the reverse direction relative to the usual direction of scanning so 
that the data provided the frame buffer 58 and the display 12b when presented in 
the usual scan direction would be reversed. Alternatively, the image data 
provided the frame buffer 58 by the processor 55 for delivery to the display 12b 
may be inverted electronically prior to being stored in the frame buffer 58. In the 
latter case, an example would include the frame grabber 57 receiving image data 
for the left image and right image of a given frame and that data subsequently is 
stored in the frame buffer 58, but prior to being stored in the frame buffer 58, the 
image data for one of the frames is inverted. A further possibility is to store the 
image data for the left and right images of a given frame in the frame buffer 58 
and when delivering that data to the respective displays 12a, 12b, inverting the 
data provided to the display 12b essentially in real time as it is provided thereto. 

The image inverting described above is shown schematically in Figures 
8A, 8B and 8C. Fig. 8A is similar to Fig. 1 showing the monitor 10, displays 12a, 
12b, and the beam splitter 14. Fig. 8B is a plan view of the display 12a as it is 
seen by the viewer 1 1 . The top 70a of the display 12a is at the right hand side of 
the illustration in Fig. 8B. Relative to the point of view of the viewer 1 1 looking at 
the monitor 10 and seeing through the beam splitter 14 the image presented by 
the display 12a, a point, pixel, component of the image, etc., at the upper left 
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corner of the display 12a is represented by a solid line circle 71a. In Fig. 8B the 
direction of scanning image data or providing the image data to the display 12a 
is represented by the arrows 72a. Although the providing of image data to a 
given line 73a, 74a, etc., of the display 12a is referred to as a scan direction, in 
many liquid crystal display devices all of the image data is presented to a given 
line at a single time. All the image data to an entire display may be provided 
simultaneously or substantially simultaneously directly from the frame buffer. 
Direction of scan, though, sometimes is referred to with respect to some CRT 
(cathode ray tube) devices. Regardless of how the data is presented, though the 
data at the location 71a of the display 12a is seen at the upper left corner of it as 
viewed by the viewer 1 1 . The data or image representing the data at a location 
75a is seen part way across the scan line, line of pixels, etc., of the display 12a 
near the top 70a thereof. Other data also may be provided to pixels of the 
display 1 2a to present image information for viewing by the viewer 1 1 . 

To demonstrate the reversing of the image information presenting on the 
display 12b, the display 12b is shown in Fig. 8C in parallel with the display 12a of 
Fig. 8B. Thus, Fig. 8C is a plan view of the display 12b from Fig. 8A, but such 
plan view is rotated 90 degrees in the direction of the arrows 8C--8C, e.g., about 
the axis 18. The top of the display 12b is identified 70b for convenient reference 
in Figs. 8A and 8C for relational correspondence generally with the top 70a of 
the display 12a in Figs. 8A and 8B. An image point 71b shown on the display 
12b is provided on the top right of the display 12b. A virtual image view, i.e., the 
reflection from the beam splitter 14 will in effect make the point 71b appear 
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somewhat superimposed or somewhat coincident but nevertheless somewhat 
shifted for stereoscopic imaging and viewing, relative to the image point 71a of 
the display 12a. Scanning of the image data or providing of the image data to 
the display 12b is in accordance with the direction of the arrows and lines 72b, 
73b and 74b. It will be appreciated that such scanned direction or presenting of 
data is in effect inverted or opposite to the direction in which data is provided the 
display 12a (Fig. 8B). If the image data to the display 12b were not so inverted 
or reversed, the image point 71b would appear at location 76 in the display 12b 
(as is seen in Figs. 8A and 8C) and, thus, would not coincide for a proper image 
presentation with a image point 71a of the display 12a. 

As was described above, various techniques can be used to invert or to 
reverse the image data to obtain the desired stereoscopic image. 

It will be appreciated that although the invention is described above with 
respect to flat panel display devices of the liquid crystal type, the invention may 
be used with other displays. However, if the displays do not have flat 
characteristics, the advantages of alignment, reflection minimization, and other 
features of flat panel display technology would not necessarily be available. 

As was mentioned above, too, exemplary active matrix flat panel displays 
typically are rectangular and, for example, if relatively square, have the 
polarization axis of the output light at approximately 45 degrees to an edge of the 
display. This arrangement facilitates alignments of the various components 
hereof as was mentioned above. However, if desired, other polarization 
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alignments may be employed and, if necessary, accounted for to enable 
discrimination between respective left and right images. 

Although the beam splitter 14 is shown in Figs. 1-3 as a prism type beam 
splitter device, it will be appreciated that other types of beam splitters may be 
used. An example is a glass plate, a sheet material that is semi-transparent and 
semi-reflective, or some other device that is able to transmit light from the 
respective displays for viewing by a viewer 11. 

The images displayed by the display 12a, 12b may be presented to the 
viewer 1 1 simultaneously without the need for field sequential operation. 
Therefore, a high resolution image with minimal or substantially no perceptible 
flicker may be presented to the viewer and in such an embodiment, since all 
image data may be presented substantially simultaneously to and/or displayed 
by both displays, very high resolution is possible. 

From the foregoing, then, it will be appreciated that the monitors 10, 20, 
30 of the invention provide a display system useful to present stereoscopic or 
monoscopic images for viewing. 

The images may be provided the displays 12a, 12b (sometimes referred 
to as display generators or as image generators) as stereo pairs. A stereo pair is 
a pair of images which, respectively, represent the left eye and right eye views of 
an image. The image data representing two images of the stereo pair may be 
provided to the frame buffer, for example, for temporary storage and delivery to 
the respective displays 12a, 12b. In some prior devices the left and right images 
are provided sequentially to a common display, and the sequential images are 
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discriminated and provided for viewing to respective eyes of a viewer. In the 
present invention, though, the left and right images may be shown either 
sequentially, one on one display and one on the other display, or the left image 
may be shown on one display while the right image is shown on the other 
display. In prior display systems which use a common display to show 
sequentially left and right images, there may be a loss of some data that is 
displayed to the viewer, for example, due to various techniques employed to 
deliver data and to display images representing the data. The present invention 
allows all data for one image of a stereo pair to be presented the viewer and all 
data from the other image to be presented to the viewer, thus enhancing 
resolution, clarity, brightness, and other characteristics of the viewed image 
relative to the prior stereo display systems. The invention also increases the 
amount of information that can be provided/displayed to the viewer. 

It will be appreciated that the two display generators are arranged at right 
angles to each other. In the illustrated embodiments shown in the drawings 
those display generators are in vertical planes that are perpendicular to each 
other and intersect at the axis 1 8. However, if desired, one display generator or 
image generator may be in a vertical plane and the other in a horizontal plane, 
e.g., above or below the display generator which is in the vertical plane. In such 
case adjustment may be made to the arrangement of the beam splitter so both 
images can be viewed in substantially superposed relation but with appropriate 
offset in the respective images provided by the image data thereof to obtain 
stereoscopic views. Also, in such case it may be necessary to alter the manner 



-23- 




in which the image data to one of the display generators is inverted relative to 
the image data provided the other display generator to obtain proper image 
superpositioning. 

The arrangement of the display generators 12a, 12b is such that the two 
are perpendicular, and with the beam splitter cooperative therewith the images 
are provided along a common light path toward an output of the monitor(s) of the 
invention for viewing as described above. 

Briefly referring to Fig. 9, an embodiment of display system 80 according 
to the invention is illustrated. The display system 80 includes a monitor, such as 
one of the monitors 10, 20, 30 described above. A cubical structure 81 having 
an open interior and at least three open sides 82, 83, 84 provides for alignment 
of and/or support of the displays 12a, 12b (associated polarizers (not shown)), 
and the beam splitter 14. In the display system 80 the top and bottom 85, 86 are 
open (or either or both may be closed, as desired) and the side 87 includes a 
light absorbing material to absorb light 88 from the displays which is not intended 
for viewing. Such absorbed light is that provided by the display 12a and 
reflected by the beam splitter and that provided by the display 12b and 
transmitted by the beam splitter. Therefore, such light tends not to interfere with 
the viewed image received by the viewer 1 1 (Fig. 1). The cubical structure 81 
may be a plastic, metal or other material. It may include a number of arms, 
frame members, etc., which are coupled together in relation to each other to 
obtain the form illustrated. The displays 12a, 12b may be positioned relative to 
the structure 81 or may be positioned in windowed openings 91, 92 in the 
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respective open sides 82, 83. The windowed opening 93 in the front side 84 
allows viewing of the beam splitter and light from the displays 1 2a, 1 2b, which is 
combined by the beam splitter to be provided as output light along a common 
light path 95 which may be viewed by the viewer to obtain a desired stereoscopic 
image. 



The present invention may be used to provide stereoscopic (three 
dimensional) or monoscopic (two dimensional) images for viewing and/or for 
other use. 



INDUSTRIAL APPLICATION 
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